Solubilized nuclear "receptors" for thyroid hormones. Physical characteristics and binding properties, evidence for multiple forms.
Tissues regulated by thyroid hormones contain chromatin-localized "receptors" that may be involved in the actions of these hormones. In this report, we describe some properties of these receptors after their solubilization from rat liver nuclei and their separation from nucleic acids and basic proteins. The nuclear extract and partially purified preparations contain a dominant class of binding sites which have a high affinity for triiodothyronine (3,5,3'-triiodo-L-thyronine, Kd approximately 1 nM) and for the biologically potent isopropyl diiodothyronine (3,5-diiodo-3'-isopropyl-L-thyronine, Kd congruent to 1 nM) and also bind thyroxine (3,5,3',5'-tetraiodo-L-thyronine, Kd approximately 5 nM) and reverse triiodothyronine (3,3',5'-triiodo-L-thyronine, Kd approximately nM). This binding activity elutes on Sephadex G-100 in an included peak which has a Stokes radius of 35 A and sediments on glycerol gradients at 3.5 S. From these data a molecular weight ratio of 50,500 and a frictional ratio of 1.4 were calculated, suggesting that the receptor is somewhat asymmetrical. There was a sharp decline in triiodothyronine binding by this component above pH 8.7 (optimum around pH 7.6) where there is marked dissociation of the 4' phenolic hydroxyl of triiodothyronine (pKalpha approximately 8.5). A similar decrease in thyroxine (pKalpha approximately 6.7) binding with pH increases in this range was not observed. Thus, ionization of the phenolic hydroxyl may influence binding. The solubilized preparations can also contain a minor specific-binding component that can be identified by binding analyses, and by G-100 or quaternary aminoethyl Sephadex chromatography. this component has a much lower affinity for triiodothyronine and isopropyl diiodothyronine than for thyroxine as compared to the major component. It probably has a pH optima around 6.0 and demonstrates and apparent tendency to aggregate. The minor component was not always identified by direct Scatchard analysis and may be generated in part from the major component as it was more commonly observed after storage or purification of the nuclear extract. Thus, at least two thyroid hormone-binding components can be present in extracts of purified rat liver nuclei; the minor component may be an altered form or subunit of the major component. The relative binding activities of triiodothyronine, isopropyl diiodothyronine, and thyroxine by the major component, similar to those in intact nuclei, parallel the biological potencies of these compounds, and suggest that the dominant binding is by biologically relevant receptors. Since ionization of the phenolic hydroxyl may influence binding, the lower activity of thyroxine relative to triiodothyronine may in part be due to the fact that at physiological pH, the phenolic hydroxyl of thyroxine is more dissociated than is that of triiodothyronine. The finding that this receptor is somewhat asymmetrical provides an indication of the shape of an intrinsic chromatin protein implicated in specific gene regulation...